at the point of injury, which is consistent with the 71% reported by Kaufman et al. in 1986 and the 73% reported by Siccardi et al. in 1991. 1, 17, 34 For patients who sustain PBI and do survive their injuries, little is known about their potential for a functional recovery. In a review of 4 previous studies concerning civilian GSWH, 2, 16, 24, 27 a total of 349 patients were re-stratified on the basis of their admission Glasgow Coma Scale (GCS) and long-term Glasgow Outcome Scale (GOS) scores (with GOS scores ≥ 4 indicating a good functional outcome). This review found that 66% had an admission GCS score of 3-5 and 93% of patients in this group died, with only 2 patients (0.9%) ever achieving functional independence, defined by a GOS ≥ 4. 5 In the remaining onethird of patients with an admission GCS score ≥ 6, 60% eventually achieved functional independence. 5 In all, 21% of patients who presented to the emergency department after damage control resuscitation ever achieved functional independence.
5
In contrast, a 2012 study by Weisbrod et al. of 137 military PBI patients managed at the Walter Reed National Military Medical Center (WRNMMC) reported 5.8% mortality and 68% achievement of functional independence (mean GOS 4). 35 Notably, 32% of those with an admission GCS score of 3-5 ultimately had a GOS score ≥ 4. This contrasts markedly with the < 1% of civilian patients with similar admission GCS scores. 5 While a superficial analysis might conclude that this represents a significant difference in survivability between military and civilian cohorts, this conclusion cannot be drawn based on available data due to immortal time bias. The study by Weisbrod et al., like many before it, was unable to account for those who died prior to arrival at hospitals within the US and therefore may overestimate the survivability of PBI in that cohort. 3, 4, 13, 28, 35 With this in mind, our purpose in this paper was to characterize the long-term outcomes of those who sustain combat-related PBI by analyzing a cohort of patients from point of injury forward. The following is therefore a retrospective analysis of a cohort of active-duty US military personnel who sustained a PBI in combat and survived to be evaluated by a deployed neurosurgeon and for whom GOS scores could be calculated at 6, 12, and 24 months after injury.
Methods

Design and Data Collection
This study is a retrospective review of all cases involving US military members who underwent neurosurgical consultation at the Role 3 Multinational Medical Unit at Kandahar Airfield (KAF) in Afghanistan from January 2010 to March 2013. It was conducted in accordance with a protocol approved by the WRNMMC Institutional Review Board. Patients were identified through the US Army Institute of Surgical Research (USAISR) trauma registry. These results were cross-referenced with the Theater Medical Data Store (TMDS) to exclude patients who had sustained head, neck, or facial trauma that did not violate the calvaria, leaving only those with PBI. Records of admission GCS scores were available for only 64 of the 80 patients. Patients without available admission GCS data were not included in associated analyses utilizing admission GCS scores.
Demographical data were collected including branch of service, mechanism of injury, admission Injury Severity Score (ISS), admission GCS score (determined by a neurosurgeon or trauma surgeon upon patient admission), injury characteristics, and surgical interventions (craniotomy, craniectomy, or intracranial pressure [ICP] monitor/ external ventricular drain [EVD] placement). GOS scores (present for all patients at all time points) were determined at 6, 12, and 24 months postinjury independently by 2 investigators through a review of the medical records that included inpatient and outpatient neurosurgery evaluations at that time. Notes from multiple disciplines within approximately 1 month of each time point were utilized to minimize error in score determination. Any differences in score assignment were resolved by adjudication from a blinded third investigator.
Outcomes and Statistical Analysis
The primary outcome of interest for the present study was GOS score at 6, 12, and 24 months postinjury. Patients were segregated by mechanism of injury, admission GCS score, admission ISS, and injury characteristics and were evaluated for changes in GOS score as either a continuous or a dichotomized (≥ 4 as "good" and < 4 as "poor") variable at each time point.
Descriptive statistics were calculated as means with standard deviations or counts with percentages where appropriate. Categorical variables were analyzed with Fisher's exact test, and continuous variables were analyzed with Student's t-test and analyses of variance. Statistical significance was set at p < 0.05. All statistics were performed with Microsoft Excel 2013.
Results
Patient Population
The neurosurgery service at KAF received requests for consultations on 908 cases during the study period. Among them, 156 (17%) involved US service members for whom follow-up data were available. The remaining consultations involved NATO allied and non-NATO allied military members, enemy combatants, and local civilians. Among the US service members, a total of 80 (51%) were found to have sustained a PBI ( Table 1) .
All patients were male; their mean age was 24.9 years, and the majority were seriously injured (mean admission GCS score 8.5 [SD 5 .56], n = 64; mean admission ISS 26.7 [SD 10.2], n = 80). The most common mechanism of injury was blast-related (73%). The most common injuries sustained included intraparenchymal hemorrhage, subarachnoid hemorrhage, and subdural hemorrhage. Surgical intervention was undertaken for 47% of patients, and the overall cohort mortality rate was low at 21% (17 patients) (34% in the group presenting with an admission GCS score of 3-5; Table 1 ). Of the 17 patients who died, 11 presented with an admission GCS score ≤ 5, and in the remaining 6 cases, no admission GCS score was recorded. All patients in the study cohort who presented with an ad-mission GCS score > 6 survived. No patients were lost to follow-up during the study period.
GOS Scores
Overall, the cohort demonstrated no significant improvement in GOS scores over the study period ( [1.88] at 24 months, p < 0.01 at all time points), again with no significant difference in GOS score over time for either group (Fig. 4) .
Of the injury characteristics observed, only herniation at presentation was associated with a significantly worse GOS score at all time points (poor outcome in 93% at 6 months, 93% at 12 months, and 87% at 24 months, p < 0.01 at all time points; Table 2 ). There was no significant association with GOS score for any other injury characteristic.
Interestingly, no difference in mean GOS score at any time point was found between those who underwent surgical intervention and those who did not (3. 
Discussion
Penetrating brain injury represents one of the most challenging clinical entities for both civilian and military neurosurgeons. Since 2003, the conflicts in Iraq and Afghanistan have resulted in the highest number of PBIs for US servicemen and -women since the Vietnam War. Previous studies analyzing outcomes for these patients have suggested that mortality is much lower than in civilian cohorts, and good functional outcomes can be obtained even for those with low admission GCS scores (< 5). 1, 4, 17, 34, 35 These studies were hampered by the absence of analysis of data from the point of injury (immortal time bias), and considered outcomes only for those patients who survived to reach definitive care after long air evacuation transport to the continental US. This study was therefore undertaken for 2 reasons: first, to assess whether functional outcomes and mortality differed from what has been reported in prior military studies, and second, to assess whether or not outcomes for PBI differ descriptively between military and civilian populations. To our knowledge, this is the first paper analyzing long-term outcomes for patients with PBI in a US military cohort from the point of injury forward. This study revealed that good functional outcomes were achieved for those who sustained combat-related PBI and survived their initial resuscitation (GOS scores at 6, 12, and 24 months), confirming conclusions from prior studies. 4, 35 The mortality rate in this study, 21%, was higher than that reported in previous military cohorts, but lower than in published civilian studies. 1, 4, 17, 34, 35 This finding is not surprising, and our rate of 21% is likely a truer estimation of mortality from PBI in these conflicts than previously estimates. Commensurate with prior reports, in our study cohort, explosive devices were the leading cause of PBI. 4, 22, 35 This study also revealed an association between the following factors and overall worse outcome at all time points: admission GCS score ≤ 5, admission ISS ≥ 26, brain herniation on admission CT scan of the head, and gunshot wound as the mechanism of injury.
The association between low admission GCS score and worse early outcome has been well described for civilian cohorts. 2, 16, 24, 27 In these civilian cohorts, where gunshot wound was the predominant mechanism of PBI, over 90% of patients who presented with an admission GCS score of 3-5 died, with almost none achieving a good functional outcome. In contrast, in the current study, half of the patients presented with an admission GCS score of 3-5, and roughly one-third of these patients died and two-thirds survived to achieve good functional recovery. Explanations for the improved survivability may include the use of protective gear (helmets, body armor) in the military population and the predominant mechanism of injury in the military population (blast; see below). 6, 7, 19, 21, [31] [32] [33] It is also conceivable that the reported admission GCS score in this military population may be artificially lower than the actual admission GCS score as a result of ongoing sedation/neuromuscular blockade from field resuscitation and/ or a poor understanding of the GCS by reporting field personnel. 18, 29 In our view, this also complicates estimation of field GCS scores in civilian settings. The fact that those patients in our cohort who did survive showed an upward mobility in their GOS scores is consistent with previous studies that show only a weak correlation between admission GCS scores and long-term outcome and may be explained by the above considerations. 10, 11, 15, 20, 26 All that said, the fact that so many patients with admission GCS scores ≤ 5 had good functional outcomes in this cohort should caution forward deployed neurosurgeons to consider intervention, rather than expectant management, in this population. Further study is necessary to elucidate the granular differences in this unique population.
It is interesting to note that those patients in this cohort who presented with PBI secondary to gunshot wound had worse functional outcomes at all time points than those who suffered a blast PBI. The mortality rate for those who presented with GSWH was 41% (9/22 patients) compared to 14% for those who suffered blast PBI; this GSWH mortality rate more closely mirrors the civilian experience. This observation is interesting when considering the complexity (blast overpressure, polytrauma) of blast-related injuries, especially in this setting where those with admission ISS ≥ 26 had worse functional outcomes. 8, 9, 14, 23, 25, 31 Nearly half of the patients in this study required some form of surgical intervention. As expected, those who required surgery presented with lower admission GCS scores in comparison to those who did not require surgery. Interestingly, analysis revealed that long-term functional outcomes did not differ between those requiring surgery and those who did not. While this finding was surprising and may be a reflection of the predominant mechanism of injury (blast vs GSWH) and/or the tendency for early and aggressive intervention by military surgeons, the small size of the population precludes solid relational conclusions.
5,12,30,35
Limitations
The results of this study, while suggestive of trends for all US military personnel, apply only to those patients included in this cohort. As with many previous studies concerning trauma, all of the patients in this cohort were male. The results may therefore not apply to the active-duty female population.
Despite the intention of limiting immortal time bias, there remains some element in this study. Only those patients who were evacuated to the Multinational Medi- cal Unit at KAF and were evaluated by military medical personnel were included in this study. Those individuals killed in action in the applicable area of operations during this timeframe were not included in this study. As such, the mortality rate associated with PBI in US military personnel may be higher than that reflected in this study.
The authors acknowledge that the efficacy of GOS score determination is known to decline from structured patient evaluations to telephone and further correspondence interviews. However, because of the retrospective nature of this study, and to avoid recall bias, the authors felt that GOS score determination from review of the electronic health record was more reliable than the patient's recollection of historical functional status.
Lastly, CT scans obtained in theater follow the patient to the medical treatment facilities that later care for them, which may or may not have been WRNMMC in the 80 cases included in this study. As a result, at the time of data collection, only the radiological reports were available for review.
Conclusions
Long-term functional outcomes in the setting of PBI were good for those who survived to evaluation and treatment at the Role 3 Multinational Medical Unit in Kandahar, Afghanistan. Those who presented with lower admission GCS score, higher ISS, gunshot wound as the mechanism of PBI, and herniation on CT had worse functional outcomes at all time points. Two-thirds of the patients in this study with admission GCS scores ≤ 5 survived to achieve good functional outcomes. Overall, mortality from PBI in this study was higher than that reported in prior military cohort studies and lower than that reported in studies of civilian populations. 
